Bryological fi eld surveys in Plitvička jezera National Park and adjacent areas (Slunjčica river and Vrhovinsko polje karst fi eld) carried out in 2012 and 2013 resulted in a list of 207 species (39 liverworts and 168 mosses). Two species are reported for the fi rst time from Croatia (Ephemerum minutissimum and Pohlia annotina). Six species are included in the Red data book of European bryophytes (Buxbaumia viridis, Dicranum viride, Hamatocaulis vernicosus, Anomodon rostratus, Rhynchostegiella tenuicaulis and Taxiphyllum densifolium). Th e fi rst three are listed in the Bern Convention and the EU Habitats and Species Directive as well; in addition, other species, especially Sphagnum spp. rare in SE Europe were also located in the area.
INTRODUCTION
Th is paper represents the continuation of renewed bryological research in Croatia. Although Croatia sometimes considered (e.g. Sabovljević et al. 2001) one of the bryologically best-explored countries in SE Europe, the great majority of data comes from before 1960. On the other hand, comparative statistical analysis of the bryophyte diversity in SE Europe showed that in Croatia a significantly higher number of bryophyte species should be expected (Sabovljević et al. 2011) . Several recent checklists (Sabovljević 2003 , 2006 , Sabovljević and Natcheva 2006 , Sabovljević et al. 2008 are mainly new summarisations and compilations of the old data with very sporadic new contributions. Th is situation aroused an urgent need for gathering new data on Croatia's bryophyte species and their distribution. In order to fi ll this gap the authors have initiated a series of systematic fi eld studies in diff erent regions of Croatia, and have recently pub- Studia bot. hung. 45, 2014 lished contributions to the bryophyte fl ora of the Gorski kotar Region, and of the Northern Velebit Mts (Papp et al. 2013a, b) , as well as list of new taxa for the bryophyte fl ora of Croatia (Papp et al. 2013c) . Hereby, new contributions for the Lika region, more precisely for the Plitvička jezera National Park and some adjacent areas, Vrhovinsko polje karst fi eld and Slunjčica river, are presented.
Regarding previous bryological surveys of the region concerned, only the tuff barriers of Plitvička jezera had been researched in more detail by Croatian botanist Zlatko Pavletić. Th e majority of his results were published in coauthority with Croatian zoologist Ivo Matoničkin in a series of papers dealing with the biocenoses and ecology of karst rivers and tuff barriers (Matoničkin and Pavletić 1960 , 1961 , 1963 , 1964 , Pavletić 1957 
MATERIAL AND METHODS

Study area
Th e area of Plitvička jezera is situated in the mountainous areas of Croatia, on the southern edge of the Mt Mala Kapela. Since 1949 Plitvička jezera are Studia bot. hung. 45, 2014 protected as national park and in 1979 they were proclaimed a World Natural Heritage by UNESCO. Th e Park covers 29,685 ha, which includes 200 ha occupied by 16 lakes, 13,320 ha by forests and the rest are grasslands, shrublands and other habitat types. Th e elevation ranges from 367 m to 1,279 m a.s.l. (Seliški vrh peak), with an average altitude of 912 m a.s.l. (Božičević 1994 , Gušić and Marković 1974 , Riđanović 1994 . Th e climate is moderately warm and moist with warm summers. Th e average annual precipitation is 1,550 mm with maxima in spring and autumn and the snow cover lasts from November to March. Th e coldest month is January with an average temperature of 2.2 °C, while the warmest is July (average: 17.4 °C) and the annual average is 7.9 °C (Gušić and Marković 1974, Zaninović 2008) . Th e dominant bedrock is limestone (Triassic, Jurassic and Cretaceous). Diff erent types of beech forests compose the climazonal vegetation, of which beech-fi r forests (ass. Omphalodo-Fagetum sylvaticae) are the most characteristic and widespread. Th e forest stands at Čorkova uvala have never been managed thus considered unique in European context (Anić and Mikac 2008 , Cestar et al. 1983 , Plavšić-Gojković et al. 1972 , Prpić 1972 . Th e area is home to other forest types developed on moist and wet habitats with Alnus glutinosa, Fraxinus excelsior, Salix spp.; on thermophilous habitats with low forests of Fraxinus ornus and Ostrya carpinifolia; on steep slopes with Pinus nigra and P. sylvestris; and on localities with temperature inversion with stands of Picea abies (Cestar et al. 1976 , Vukelić 2012 . Th e grassland vegetation is also very rich, with many associations mainly determined by levels of water availability and pH (Šegulja 2005) . Th e lake vegetation is characterised by the dominance of various Chara species, but other macrophytes and helophytes are also present. Very specifi c for the lakes are the tuff formations, a complex system of barriers and waterfalls, where aquatic bryophyte communities are dominant. One of the best preserved peat bogs in Croatia, Ljeskovačke bare, with a large population of Drosera rotundifolia and other characteristic species (Srdoč et al. 1985 , Tešić et al. 1985 , is also situated within the park. Th e total vascular fl ora counts 1,267 species with many rare, protected and red-listed species of the Croatian fl ora (Krga 1992) .
In the study area we also included Vrhovinsko polje, which is situated outside (precisely, alongside the western border) of Plitvička jezera National Park. It is a typical karst fi eld that has its lowest, central part periodically fl ooded during winter and early spring. It is covered by grassland vegetation of diff erent communities that show a pattern of distribution closely dependent on water amount and soil pH. Considering the diversity of grassland communities and fl ora, this is one of the richest and most diverse karstlands in Croatia and therefore from 2013 recognised and protected as Natura 2000 site. Studia bot. hung. 45, 2014 Another locality outside the Park is Slunjčica (or Slušnica) river near the town of Slunj. It is a typical karst river, only 5 km long, with many tuff barriers and clear unpolluted water. It is a tributary of the Korana river, which is fl owing out of the Plitvička jezera lakes. It fl ows into Korana at Rastoke village, where it forms a complex of cascades and waterfalls. Slunjčica River is protected since 1964 as "signifi cant landscape" as well from 2013 as Natura 2000 site.
Methods
Th e collecting trips were made in July 2012 and 2013. Th e researched area is presented in Figure 1 , and particular collecting sites are listed in the following text. During the fi eld trips special attention was paid to collect bryophytes in all habitat types. Th e specimens are deposited in the Bryophyte Herbarium of the Hungarian Natural History Museum, Budapest (BP) and the Herbarium Cro aticum of the University of Zagreb (ZA). Th e nomenclature follows Schumacker and Váňa (2005) for liverworts (except Chiloscyphus pallescens (Ehrh. ex Hoff m.) Dumort., which follows Grolle and Long 2000) and Hill et al. (2006) for mosses. New species for the bryophyte fl ora of Croatia are given according to general checklists of SE Europe and the Mediterranean (Ros et al. 2007 , 2013 , Sabovljević 2003 , 2006 , Sabovljević and Natcheva 2006 , Sabovljević et al. 2008 ) and taking into consideration new records , Modrić Surina et al. 2012 , Papp and Sabovljević 2009 , Papp et al. 2013a . 
Collecting sites
RESULTS AND DISCUSSION
207 bryophytes (39 liverworts and 168 mosses) were collected in Plitvička jezera National Park, along the Slunjčica river near the town of Slunj and in Vrhovinsko polje karst fi eld. 11 recorded taxa were recently published as new for Croatia (Papp et al. 2013a, b, c) and two are reported here for the fi rst time. However, the research of the Plitvička jezera lakes and adjacent areas resulted in two additional new species for the Croatian bryophyte fl ora.
Ephemerum minutissimum is a sub-Atlantic species according to Düll et al. (1999) . In SE Europe it is very rare or probably overlooked, known only from the coastal parts of Montenegro (Düll et al. 1999 , Sabovljević et al. 2008 ). In the past it was not separated at species level from the related E. serratum, which is known from almost all SE European countries (Sabovljević et al. 2008) . From the neighbouring countries E. minutissimum is known from Hungary, where it is treated as near-threatened (NT) in the national red list (Papp et al. 2010) and from Italy (Cortini Pedrotti 1992). Here, the species was found on open soil of meadow edges in Vrhovinsko polje, which is a typical, periodically fl ooded karstland with a variety of grassland communities determined by water amount and soil pH.
Pohlia annotina is a subboreal species (Düll et al. 1999) . It is known from most of the SE European countries (Sabovljević et al. 2008) , and from Hungary (Papp et al. 2010) and Italy (Cortini Pedrotti 1992) as neighbouring countries. Th is species was also found on soil in Vrhovinsko polje, in its lower, more humid part.
Among the new records for the Croatian bryophyte fl ora another species, Campylopus introfl exus needs to be mentioned. It was found for the fi rst time in Croatia during our fi eld trip in 2013 on decaying Pinus trunk and on soil at the edge of meadow in Vrhovinsko polje, but this record was published separately (Alegro et al. 2014) . Th is is an invasive species living on acidic soil, whose expansion started from Britain in 1940 and it keeps spreading towards east (Hassel and Söderström 2005) . It has already reached northeastern and southeastern Europe according to records from Lithuania (Vellak et al. 2009 ), Turkey (Yayintaş 2009) , and Slovenia (Szűcs and Bidló 2014) . Currently, no other records are known from the Balkans.
Conservation merits of the bryophyte fl ora
Plitvička jezera National Park has a high conservation value due to presence of three species (among in total four in Croatian bryophyte fl ora) listed in Studia bot. hung. 45, 2014 the Bern Convention and the European Union Habitats and Species Directive: Buxbaumia viridis, Dicranum viride and Hamatocaulis vernicosus.
Buxbaumia viridis is a boreal, montane species (Düll et al. 1999 ) living on well-decayed wood in humid forests. According to the Red data book of European bryophytes (ECCB 1995) it is a vulnerable species. In spite that historical data in Croatia for this species are scarce (Baumgartner 1938 , Horvat 1932 , recent fi eld surveys showed that this species is not rare in virgin, but even in managed old-growth beech-fi r (ass. Omphalodo-Fagetum) and fi r (ass. Blechno-Abietetum) forests of the Gorski kotar Region and the Northern Velebit Mts (Papp et al. 2013a, b) , where it has considerably large populations (20-30 sporophytes on 50-100 trees). Th e species was found in virgin beech-fi r forest in Čorkova uvala, where it inhabits dozens of decayed tree trunks.
Dicranum viride is a sub-continental species (Düll et al. 1999) living as epiphyte on bark of old trees. Historically, it is recorded on the foothills of Mt Papuk (Stoizner 1870) , in the Maksimir park forest in Zagreb (Horvat 1932 ) and in Bunjevačka draga in the Velebit Mts (Baumgartner 1938) . On the fi rst two localities it was not confi rmed during recent fi eld surveys, while the Bunjevačka draga is a mine suspicious area and therefore inaccessible, but Baumgartner's specimen is preserved in the Hungarian Natural History Museum (BP 31775). Th erefore, the Medveđak forest in the Plitvička jezera National Park is currently the single known locality of this species in Croatia. Here it grows in beech-fi r forest, in a few small patches on beech bark.
Hamatocaulis vernicosus is a boreal species (Düll et al. 1999) growing in oligotrophic and mesotrophic, neutral to slightly acidophilous fens and transitional bogs (Nebel 2001) . To date the single fi nding site of the species in Croatia is Dubravica peat bog in the Hrvatsko zagorje region (NW Croatia) (Horvat 1932) . It was found there in bog vegetation of ass. Rhynchosporetum albae. Unfortunately, nowadays this bog is only a small remnant of its previous extent and diversity, with uncertain occurrence of H. vernicosus. Th erefore, the recently found population in Ljeskovačke bare is the only certainly known and really viable population of this species in Croatia. It was found in transition between bog communities Drosero-Caricetum echinatae and Caricetum lasiocarpae. Th e population is vigorous, with typically developed individuals.
Among other species included in the Red data book of European bryophytes Anomodon rostratus, Rhynchostegiella tenuicaulis and Taxiphyllum densifolium should be mentioned.
Anomodon rostratus is a sub-Mediterranean-montane species (Düll et al. 1999 ) occurring on shaded limestone rocks and rock crevices. In the Red data book of European bryophytes it is treated as rare species (ECCB 1995) . It was reported for the fi rst time in Croatia (Velebit Mts) by Baumgartner (1938) and it was confi rmed there during recent surveys (Papp et al. 2013b) . Our new record is the fi rst one outside the Velebit Mts. Th e species was found in beech-fi r virgin forests in Čorkova uvala and Medveđak. Th e plant grows on strongly shaded limestone rocks in the forest interior, especially in dolina bottoms.
Rhynchostegiella tenuicaulis is a montane species of the temperate zones of Europe (Düll 1985) . In the Red data book of European bryophytes (ECCB 1995) it is quoted as insuffi ciently known. Th e species is rare in SE Europe, known only from Bulgaria, Greece and Romania (Sabovljević et al. 2008) . It was recently found in the Velebit Mts on shaded limestone rocks of Štirovača and Jovanovića snižnica ice hole (Papp et al. 2013b, c) . In Plitvička jezera National Park it also grows on shaded limestone rocks, in virgin beech-fi r forest in Čorkova uvala.
Taxiphyllum densifolium is an eastern European species distributed sporadically in a range from Slovakia, Poland, Hungary and Romania extending the Caucasus (Frey et al. 2006 , Vajda 1955 . Besides Hungary, the only neighbouring country, where it occurs is Serbia (Sabovljević et al. 2008) . It was recently reported from Croatia; a specimen of Taxiphyllum wissgrillii, collected near Fiume (Rijeka) in 1909 was revised to T. densifolium (Papp and Sabovljević 2009 ). According to the Red data book of European bryophytes (ECCB 1995) it is rare in Europe. We found it in Čorkova uvala in virgin beech-fi r forest (ass. Omphalodo-Fagetum) on shaded limestone rocks.
Another group of mosses, which is not included in the Red data book of European bryophytes, but of special local importance, are the peat mosses. All Sphagnum species in Croatia are rare, each with only a few localities or even a single one. Most of them are threatened due to habitat loss and vegetation succession. In the researched area, seven species were found on two localities. Th e fi rst is Ljeskovačke bare peat bog, where the following species were documented in a transitional bog belonging to ass. Drosero-Caricetum echinatae: Sphagnum fl exuosum, S. palustre, S. squarrosum and S. teres. Th e last one is dominant and this population is the largest one in Croatia. Th e second locality with peat mosses is Vrhovinsko polje karst fi eld, just outside the border of the national park. Here, the peat mosses grow on the lowest part of the karstland, which is periodically fl ooded, but completely dry during summer time. Th e following species were found there: Sphagnum capillifolium, S. denticulatum, S. palustre, S. subnitens and S. teres. Both localities are characterised by open habitats, which are threatened by secondary vegetation succession of local trees and shrubs, which will eventually change the water regime, leading to conditions unsuitable for peat mosses.
Calliergon giganteum, Dicranum bonjeanii, Drepanocladus polygamus, Plagiomnium ellipticum, Polytrichum strictum, Scorpidium cossonii and Tomentyp num nitens are additional species growing in wet meadows and bogs, rare in SE Europe, and for this reason of special conservation importance.
Beyond all the above, in the researched area there are even more bryophyte species rare in SE Europe, which makes the fl ora peculiar, biogeographically interesting, and highly important for nature conservation. As to fl ora elements, they are Atlantic and sub-Atlantic species ( 
CONCLUSIONS
Plitvička jezera National Park and the adjacent regions possess high bryophyte diversity (with 207 recorded species) making this region comparable with other recently researched areas: Gorski kotar Region with 231 taxa and the Northern Velebit Mts with 191 taxa (Papp et al. 2013a, b) . Here, the high diversity and the occurrence of many rare species are attributed to the habitat diversity. Most widespread are the diff erent forest communities, with beech-fi r forests as the zonal ones and represented by several virgin stands. Th ese stands can support vigorous populations of European red-listed bryophytes, including Buxbaumia viridis, Anomodon rostratus, Rhynchostegiella tenuicaulis and Taxiphyllum densifolium. Furthermore, the single known population of Dicranum viride in Croatia also thrives in these forests. Also, important habitat types are the wetlands, with tuff -forming waterfalls, rivulets, lakes, fens, peat bogs, wet and periodically fl ooded meadows. Each of these habitat types support characteristic bryophyte assemblages with many species rare in SE Europe. In a peat bog Hamatocaulis vernicosus and several Sphagnum species, all rare in Croatia and the Balkans, were found. For the Sphagnum species the periodically fl ooded meadows at Vrhovinsko polje are of special importance. On open soil near the meadow edge in Vrhovinsko polje Ephemerum minutissimum, a rare (or probably overlooked) species in SE Europe and new for the Croatian bryophyte fl ora, was found. Pohlia annotina is another new species for the country from the same locality.
It needs to be stressed that Plitvička jezera have great conservation value by the occurrence of three bryophyte species listed in the Bern Convention and the European Union Habitats and Species Directive. Furthermore, the presence of many species generally rare in SE Europe, belonging to diff erent fl ora elements, also marks the importance of this area for bryophyte diversity and its conservation.
